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(57)Abstract: 

PURPOSE: To provide an insulating material 
composition for a metal base circuit board, having high 
heat conductivity and low dielectric constant, further 
capable of maintaining high electric insulation over a 
long period, by hardening a mixture composed of 
inorganic filling material and resin. 
CONSTITUTION: By hardening a mixture composed of 
inorganic filling material and resin, an insulating material 
composition, having 3.0x1 0-3cal/cm. sec, °C or more 
heat conductivity further with 4.5 or less dielectric 
constant, is obtained. As the inorganic filling material, 
containing one kind or more of boron nitride, diamond 
and beryllium oxide, is preferable, particularly containing 
hexagonal system boron nitride of 2.0 or less 

graphitization (Gl value) is preferable. The inorganic filling material is preferable high filled, 
and its shape is preferable a sphere of about 15um or less. In the resin, epoxy resin, silicone 
resin, etc., are used. This insulating material composition is used, to provide an insulating 
layer 2 on a metal plate 1 of Al or the like, to laminate conductive foil 3 on this layer, to form a 
circuit board, further to mount each element 5 to 7, so as to obtain a module. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] The insulating material constituent characterized by making it come to harden the mixture 

which consists of an inorganic filler and resin, for the thermal conductivity being more than 3.0x10-3 

cal/cm-sec and **, and moreover specific inductive capacity being 4.5 or less. 

[Claim 2] The insulating material constituent according to claim 1 with which an inorganic filler 

contains one sort in boron nitride, a diamond, and beryllium oxide, or two sorts or more. 

[Claim 3] The insulating material constituent according to claim 1 with which an inorganic filler is 

characterized by a degree of graphitization (GI value) containing 2.0 or less hexagonal boron nitride. 

[Claim 4] The circuit board which comes to carry out the laminating of the electric conduction foil to a 

metal plate through an insulating material constituent according to claim 1, 2, or 3. 

[Claim 5] The module which comes to use the circuit board according to claim 4. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Industrial Application] This invention relates to the metal base circuit board using the insulating 
material constituent and this which are used for electronic parts, such as an electrical machinery and 
apparatus, a transmitter, and an automotive application, and the module using this further. 
[0002] 

[Description of the Prior Art] High temperature conduction and the insulating material of high withstand 
voltage are demanded of the application of the electron of the metal base circuit board, a semiconductor 
device, and others, the sealing agent of an electrical part, adhesives, or a potting agent. For example, 
since the metal base circuit board is used for the high power field, engine performance, such as high 
electric insulation and high temperature conductivity, is required of the insulating layer of the substrate. 
Furthermore, RF-ization of a circuit is progressing for the purpose of the miniaturization of a circuit, and 
advanced features, and the circuit board with low specific inductive capacity and an insulating material 
for it are desired. Especially, power components, such as an IGBT component, come to be carried in 
recent years, with the low dielectric constant, it has high electric insulation, and the metal base circuit 
board which moreover has high temperature conductivity is required, and the insulating material 
constituent for forming the insulating layer is needed. 

[0003] In the metal base circuit board, although a metal plate and an electric conduction foil are pasted 
up with the adhesives of electric insulation which consist of resin filled up with the aluminum oxide etc., 
the insulating material which these adhesives hardened forms the insulating layer on a metal plate. Since 
many properties of the metal base circuit board are greatly influenced by the property of an insulating 
layer, therefore an insulating material, various constituents have been indicated. 
[0004] For example, it having been high-filled up with the inorganic filler and the insulating adhesives 
constituent for the circuit boards with high thermal conductivity having been obtained, and having 
carried out the laminating of a metal substrate and the electric conduction foil through the adhesives 
constituent, and having obtained the circuit board is indicated by JP,2-286768,A by using the inorganic 
filler of specific particle diameter. 

[0005] Moreover, the bisphenol A mold epoxy resin of 90% or more of purity is filled up with an 
aluminum oxide, alumimium nitride, and the inorganic filler of boron nitride, and the circuit board using 
the insulating material and it whose thermal conductivity is 5.0x10-3 - 18.0x10-3 cal/cm-sec and ** and 
whose glass transition temperature is 164-240 degrees C is indicated by JP,6-44824,A. 
[0006] 

[Problem(s) to be Solved by the Invention] However, in the insulating material which consists of resin 
high-filled up with matter of high specific inductive capacity like an aluminum oxide (specific inductive 
capacity 9.0), the specific inductive capacity of an insulating material becomes high as the fill of an 
inorganic filler increases. Moreover, since viscosity became high at this and coincidence and the 
contamination of a void increased, there was a problem that electric insulation fell and a withstand 
voltage property fell. 
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[0007] Since the high voltage is impressed to a void so that the specific inductive capacity of an 
insulating material is high, the electrical potential difference generally built over the void which exists in 
a layer-like insulating material becomes easy to discharge by the void. For this reason, the electric 
insulation of the circuit board using an insulating layer, therefore this tends to fall, so that the specific 
inductive capacity of a filler is high. 

[0008] Moreover, it is known that electric insulation will deteriorate gradually under the service 
condition, and the circuit board will finally result a dielectric-breakdown phenomenon in a lifting life, a 
discharge phenomenon with how partial inside insulating layers, such as a void, at that initial stage 
depending on which degradation of electric insulation progresses -- presenting - this partial discharge -- 
degradation of an insulating layer -- promoting --just - being alike - the discharge phenomenon of 
passing an insulating layer is caused and it results in dielectric breakdown. Therefore, in order to attain 
the long-term dependability of electric insulation, it is important to make breakdown voltage high. 
[0009] In the conventional metal base circuit board, high temperature conductivity was thought as 
important and the aluminum oxide with specific inductive capacity high as an inorganic filler was 
mainly used. Or even if it thought electric insulation as important, and it did not add an inorganic filler 
or it added, it had limited to restoration of a little chisel. Although the former had high temperature 
conductivity, electric insulation is low, ****** dependability was inferior in it, and by the latter, 
although excelled in electric insulation, since thermal conductivity was inferior, it was not able to be 
used for the application of which high heat dissipation nature is required. Thus, having dependability 
high electric insulation and over a long period of time [ its ] had the problem of being difficult, 
maintaining high temperature conductivity. 

[0010] The purpose of this invention is to offer the insulating material constituent used for the metal 
base circuit board which is high temperature conductivity and can maintain high electric insulation over 
a long period of time. 

[001 1] Moreover, even if this invention carries the component of high power by high density, it aims at 
excelling in heat leakage nature, excelling in electric insulation, and offering the reliable circuit board 
and a reliable module. 
[0012] 

[Means for Solving the Problem] This invention is an insulating material constituent characterized by 
making it come to harden the mixture which consists of an inorganic filler and resin, for the thermal 
conductivity being more than 3.0x10-3 cal/cm-sec and **, and moreover specific inductive capacity 
being 4.5 or less. 

[0013] Moreover, this invention is an insulating material constituent characterized by this inorganic 
filler containing one sort in boron nitride, a diamond, and beryllium oxide, or two sorts or more. 
[0014] Moreover, this invention is an insulating material constituent with which this inorganic filler is 
characterized by a degree of graphitization (GI value) containing 2.0 or less hexagonal boron nitride. 
[0015] Furthermore, this invention is the circuit board which comes to carry out the laminating of the 
electric conduction foil through the insulating material constituent whose thermal conductivity is more 
than 3.0x10-3 cal/cm-sec and **, and whose specific inductive capacity is moreover 4.5 or less, in 
addition is a module which comes to use this circuit board. 

[0016] Hereafter, a drawing explains this invention to a detail. The sectional view of the module using 
the metal base circuit board which comes to form an insulating layer with the insulating material 
constituent of this invention is shown in dr awing 1 . After obtaining the metal base circuit board by 
which the laminating of the electric conduction foil 3 was carried out on the metal plate 1 through the 
insulating layer 2 which consists of an insulating material constituent of this invention, etching etc. was 
processed and it is made of the configuration which carried out the laminating of the ceramic chip 5, a 
semiconductor device 6, and the terminal 7 grade through the pewter 4. 

[0017] The aluminum and an aluminium alloy, copper, iron, a stainless steel system alloy, the Invar 
system multilevel metal, etc. of about 0.5-3.0mm of board thickness are used for a metal plate 1 here. 
[0018] An insulating layer 2 is the insulating material constituent which mixes and stiffened an 
inorganic filler and resin, and, moreover, thermal conductivity is [ specific inductive capacity ] 4.5 or 
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less 3.0x10-3 cal/cm-sec and above **. If the specific inductive capacity of an insulating layer 2 exceeds 
4.5, breakdown voltage will fall extremely, it will become easy to produce discharge degradation, and 
the long-term dependability of the electric insulation of the circuit board will be spoiled remarkably. 
About thermal conductivity, the heat generated from a power component as they are under 3.0x10-3 
cal/cm-sec and ** cannot be emitted efficiently, but the temperature of a component exceeds junction 
temperature (about 150 degrees C), a component malfunctions or a life becomes short. 
[0019] As resin used for the insulating material constituent which forms an insulating layer 2, an epoxy 
resin, silicone resin, BT resin, polyimide resin, etc. are used. As an epoxy resin, it is hypoviscosity, and 
the bisphenol A mold epoxy resin and the bisphenol female mold epoxy resin fit high restoration of an 
inorganic filler, and are desirable. Although especially the thickness of an insulating layer 2 is not 
specified, when the balance of a breakdown voltage and thermal resistance is taken into consideration, 
20-500 micrometers is desirable. 

[0020] Moreover, as for the inorganic filler used for the insulating material constituent which forms an 
insulating layer 2, it is indispensable that it is the matter with low specific inductive capacity. Thermal 
conductivity is more than 3.0x10-3 cal/cm-sec and **, and in order to obtain the insulating material 
constituent whose specific inductive capacity is moreover 4.5 or less, beryllium oxide, a diamond, and 
boron nitride are chosen. When economical efficiency or safety is taken into consideration, boron nitride 
is the industrial most suitable inorganic filler. Moreover, as long as the thermal conductivity and specific 
inductive capacity of the request made into the purpose are obtained including these one sort or two 
sorts or more, you may use together with inorganic fillers, such as other aluminas. 
[0021] About the particle diameter of these inorganic fillers, 15 micrometers or less are desirable. If 15 
micrometers is exceeded, it becomes, or into the insulating layer after hardening, a void tends to remain, 
and comes [ BUTSU ] being easy to generate in mixing with resin, decline in thermal conductivity and 
the fall of electric insulation arise, and a desired insulating material cannot be obtained. If it is 15 
micrometers or less, the debris of a sintered compact etc. can be used like the usual powder. Moreover, 
about particle shape, in order to raise thermal conductivity, it is desirable to be high-filled up with an 
inorganic filler, and the thing of the configuration near a ball is desirable. 

[0022] As said boron nitride, although various things, such as h-BN, P-BN, c-BN, and t-BN, are used, it 
is also possible to mix and use these. It belongs to hexagonal system, and electric insulation is high and 
it is [ especially h-BN is the raw material which can come to hand cheaply, and ] desirable. The 
crystallinity of hexagonal boron nitride is shown by the degree of graphitization (GI value) as the 
standard. GI value is computed by the formula (1) from the diffraction reinforcement (peak area) of the 
field by the X diffraction (100) (101) (102). 
[0023] 
[Equation 1] 

GI value =(100) (area + (101) area)/(102) (area) .... (1) 

[0024] Crystallinity is so high that GI value is small. GI value is set to 1.4 by the hexagonal boron 
nitride to which crystallization progressed completely. Although 2.0 or less are desirable as for the 
crystallinity of the hexagonal boron nitride used by this invention, it is 1.6 or less more preferably. 
Generally the hexagonal boron nitride to which a degree of graphitization exceeds 2.0 has low purity, 
gas is generated at the time of mixing with resin, and the problem that thermal conductivity is low 
occurs low [ electric insulation-proof ] that it is easy to involve in a void. 

[0025] In order to raise the adhesive property of the interface of resin and boron nitride, as for the 
aforementioned boron nitride, what performed surface treatment with the silicone coupling agent, the 
titanate coupling agent, the sililation reagent, etc. is good. What performed surface treatment with the 
organic silane compound among these is more desirable. Moreover, the surface treatment of the boron 
nitride by the finishing agent is possible also by adding a finishing agent at the time of mixing of resin 
and boron nitride. 

[0026] Although less than [ more than 40vol%85vol% ] is good as for the blending ratio of coal of boron 
nitride, it is less than [ more than 50vol%70vol% ] preferably. The thermal conductivity of the insulating 
material constituent with which the blending ratio of coal of boron nitride is obtained less than 
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[ 40vol% ] does not reach 3.0x10-3 cal/cm-sec and **. Elastic resin mixture is not obtained, but since 
the hardened material is also in the condition of BOROBORO, it may stop on the other hand, attaining 
the purpose of this invention, even if it performs the aforementioned surface preparation when 85vol% is 
exceeded. In the case of not more than more than 50vol%70vol%, it is high temperature conductivity, 
and the insulating material constituent which was moreover able to balance low specific inductive 
capacity can be stabilized and manufactured. 

[0027] the electric conduction foil 3 -- a conductor ~ general-purpose things, such as a clad foil which 
used the alloy containing two or more kinds of metals, such as copper foil for circuits, a compound foil 
or copper, aluminum, and nickel, or said metal, are used. The thickness is 1mm from 5 micrometers. 
Moreover, in order to give a wire-bonding property, nickel plating and nickel-gold plate may be 
performed on an electric conduction foil. 
[0028] 

[Function and Example(s)] Hereafter, an example is explained concretely. 

(Example 1) The boron nitride powder which mixed boron nitride powder (the DENKI KAGAKU 
KOGYO K.K. make, GPS-2) with hexamethyldisilazane (Toshiba Silicone make), and carried out 
silanizing processing was produced, this boron nitride powder that carried out silanizing processing - an 
inorganic filler - carrying out - a bisphenol female mold epoxy resin - 61vol(s)% - the filled mixture 
was produced. The thermal conductimetry and specific-inductive-capacity measurement which are 
shown below were performed about the hardened material which added and carried out heat hardening 
of the amine system curing agent to this mixture, and obtained it into it. Next, said mixture was applied 
to the aluminum plate of 1.5mm thickness, the layer with a thickness of 100 micrometers was formed, 
and the metal base circuit board was further produced by carrying out the laminating of the copper foil 
with a thickness of 35 micrometers, and heating it on it. The breakdown voltage measurement shown 
below and the rise thermometry at the time of energization of a transistor were performed using this 
circuit board. Moreover, in order to investigate the dielectric-breakdown life of the circuit board, 
measurement of a V-t property was repeated and it carried out by 20 numbers. The obtained result is 
shown in Table 1 . 

[0029] It measured by filter; 100Hz ATT range;20microvolt and sampling rate;1000 microsecond using 
the test piece of a disk form with a 2mm[ in <measuring method of thermal conductivity> thickness ] x 
diameter of 10mm by laser flash method thermal conductivity measuring apparatus ("LF/TCM-FA- 
8510B" by Rigaku Industrial Corp.). 

[0030] Based on the <measuring method of specific inductive capacity> JIS C 6481, it carried out at the 
test frequency of 100kHz, and the measurement temperature of 25 degrees C. 

[0031] On the metal base substrate of which <measuring method of breakdown voltage> production was 
done, the diameter produced the circle electrode pattern which is 20mm by the etching method. The 
breakdown voltage between the base metal section and the pattern section was measured by 100kHz of 
test frequencies with the partial discharge measuring instrument (Mitsubishi Cable Industries, Ltd., QM- 
20). 

[0032] The electric conduction foil of a <measuring method of transistor rise temperaturo metal base 
substrate was etched, the 10x15mm pad section was formed, and the transistor (TO-220, Toshiba Make) 
was soldered on this. Cooling a metal plate surface side, it energized 100W to the transistor and the 
temperature on the top face of a transistor was measured. 

[0033] On the <measuring method of V-t property> metal base substrate, by the etching method, the 
circle electrode pattern whose diameter is 20mm was produced, and the electrical potential difference of 
2kV of AC half waves was impressed between the base metal section and the pattern section. 
Measurement was performed under the 125-degree C environment, in order to promote a trial. Time 
amount until it results [ from electrical-potential-difference impression initiation ] in dielectric 
breakdown was measured, and average life was computed by the Weibull plotting method. 
[0034] (Examples 2-9, examples 1-4 of a comparison) As an inorganic filler, the boron nitride of 
commercial various grain size, a diamond, beryllium oxide, an aluminum oxide, etc. were prepared, by 
the blending ratio of coal shown in Table 1, by the same approach as an example 1, the hardened 
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material of various kinds of insulating material constituents was produced, and thermal conductivity and 
specific inductive capacity were measured. In addition, what does not perform surface treatment was 
produced in some things. Furthermore, the circuit board was produced using said insulating material 
constituent, and breakdown voltage measurement, a transistor rise thermometry, and V-t property 
measurement were performed like the example 1. A result is shown in Table 1 with the result of an 
example 1. 
[0035] 
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[0036] 

[Effect of the Invention] According to this invention, the circuit board and the module thermal 

conductivity was high, and the insulating material constituent specific inductive capacity moreover 

excelled [ constituent ] in electric insulation low was obtained, and breakdown voltage excelled 

[ module ] in dependability highly over a long period of time were able to be obtained. The insulating 

material constituent of this invention has high thermal conductivity, and since specific inductive 

capacity is moreover low, it is suitable also as a sealing agent of a semiconductor device. 

[0037] 
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TECHNICAL FIELD 



[Industrial Application] This invention relates to the metal base circuit board using the insulating 
material constituent and this which are used for electronic parts, such as an electrical machinery and 
apparatus, a transmitter, and an automotive application, and the module using this further. 



[Translation done.] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje 



7/2/2007 



JP,07-320538,A [PRIOR ART] 



Page 1 of 1 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

l.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



PRIOR ART 

[Description of the Prior Art] High temperature conduction and the insulating material of high withstand 
voltage are demanded of the application of the electron of the metal base circuit board, a semiconductor 
device, and others, the sealing agent of an electrical part, adhesives, or a potting agent. For example, 
since the metal base circuit board is used for the high power field, engine performance, such as high 
electric insulation and high temperature conductivity, is required of the insulating layer of the substrate. 
Furthermore, RF-ization of a circuit is progressing for the purpose of the miniaturization of a circuit, and 
advanced features, and the circuit board with low specific inductive capacity and an insulating material 
for it are desired. Especially, power components, such as an IGBT component, come to be carried in 
recent years, with the low dielectric constant, it has high electric insulation, and the metal base circuit 
board which moreover has high temperature conductivity is required, and the insulating material 
constituent for forming the insulating layer is needed. 

[0003] In the metal base circuit board, although a metal plate and an electric conduction foil are pasted 
up with the adhesives of electric insulation which consist of resin filled up with the aluminum oxide etc., 
the insulating material which these adhesives hardened forms the insulating layer on a metal plate. Since 
many properties of the metal base circuit board are greatly influenced by the property of an insulating 
layer, therefore an insulating material, various constituents have been indicated. 
[0004] For example, it having been high-filled up with the inorganic filler and the insulating adhesives 
constituent for the circuit boards with high thermal conductivity having been obtained, and having 
carried out the laminating of a metal substrate and the electric conduction foil through the adhesives 
constituent, and having obtained the circuit board is indicated by JP,2-286768,A by using the inorganic 
filler of specific particle diameter. 

[0005] Moreover, the bisphenol A mold epoxy resin of 90% or more of purity is filled up with an 
aluminum oxide, alumimium nitride, and the inorganic filler of boron nitride, and the circuit board using 
the insulating material and it whose thermal conductivity is 5.0x10-3 - 18.0x10-3 cal/cm-sec and ** and 
whose glass transition temperature is 164-240 degrees C is indicated by JP,6-44824,A. 
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EFFECT OF THE INVENTION 



[Effect of the Invention] According to this invention, the circuit board and the module thermal 
conductivity was high, and the insulating material constituent specific inductive capacity moreover 
excelled [ constituent ] in electric insulation low was obtained, and breakdown voltage excelled 
[ module ] in dependability highly over a long period of time were able to be obtained. The insulating 
material constituent of this invention has high thermal conductivity, and since specific inductive 
capacity is moreover low, it is suitable also as a sealing agent of a semiconductor device. 
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DRAWINGS 



[Drawing 1J 




m2 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[ D ra win g 1 1 It is the sectional view of the module using the metal base circuit board of this invention. 

1. Metal Plate 

2. Insulating Layer 

3. Electric Conduction Foil 

4. Pewter 

5. Ceramic Chip 

6. Semiconductor Device 

7. Terminal 



[Translation done.] 
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1 

HMHNioiun 

-£©iMg#*a*3.0xlO-'cal/cn-sec-T;& 
±T*0, U^fcJt«f«**i4.5«TT*SC:tS:«p|R 

[»#5i3] *S«;fc*«#, SMBftSE (G I fi) #2. 

[|*5R«4] ^J»«(C|»*JS 1 , 2Xtt3E«fflft» 
#IWJ«*fcfrb-C.W116*8Ui b-C&SHlg&»K. 

[0 0 0 1] 
[0 0 0 2] 

aojisiicftfte* iMH«E©«stm*<K*2ftT 
ic«isnsfc», *©sk©«mic«. 

*©*Sfc, ifiMtgfc£gWlC@K©i*flStffc)WiA/T 
is (3 , fcil«*©fct*lli&*SXtf*©&a©IBiB*8 
#S*nTV>*. »fc, ffi¥IGBTJ(HF»©/Xl7-* 

ba>t>i*i^»£fc*ta**.T^*&«^-X 
BRSCtfS***!. *©«■»«»«-*-«*:»©«* 

[0 0 0 3] &JH^-X@K»Rl;:*V>Ttt, WCTft 

5 - vmzxmLitmfr e. & stokm*©*** 
^-xmi&x«©tt^tt(±ia»B. torisMm©* 

[0 0 0 4] «*.«, W«¥2-2 8 6 768^«fc 

*i/T*Jnawtw«Bt«iMiLia»awtiiTVJ6 

[0 0 0 5] *fc, MW6-44 8 24*4MlfcH:. 
««90 Sfi 0U© HX 7 x J -)V Amx#* It «ft 



(2) #M¥7-3 2 0 5 3 8 

7*3 =9 A. «flS7^3=9A, 3fcffl*©iMias* 
*f £?S« b , »£a*##5. 0 x 10" 3 -18. 0 x 10" 3 cal/cm- 
lec-TTCfcD, ^jtf5Xte»fiflEJO«164~240'CT** 

iie»*mi*n*ffiv»&Hi8»s*«ii*anTv»*. 

[0006] 

[»wiwraL.t strewn b*b, mi:7^3= 

£ A (ifcR**9. 0) ©«k 5 &iSJtf§e*©&H£iiS*« 

m*m <ttz etmr. «*»»©jtwt*wss < & 

iff a. *fctntHi*fciMM«K<ftD#-f F©«*a* 

[0 0 0 7] -«WK. ■«©«*#»+ 

-r HK:K«c*«winans©-c. #-r F-eiMiba<& 
5. £©*:*. *«»©ifclii*tfWKtr>g£, ttMNE 

[0 0 0 8] $£, ^©ffiffl*#T-C^m 

a? ic*a»e»tt^bbT«»wtrttiaBk»*s«*)er 

m&;»«H*ftsu £©«»ftttiM«'<&M©#ft: 

*fi*U ^V>fcttWMI«»l-r«»«**'JI*iB 
ill/iMNMlCS«. ftoTv «jUfi»&05fflffMtt 
«MW*fctt» iWI«Ml£E«K<f«!li J&ttWT? 

[0 0 0 9] ft*©$JR^-X@B»STBu «S»fc* 
KMLTlftBttfcl/Tj»IW»>lfc7* 

LT«i««#e»aona:v>«». fcb<t«s»brt>^ 
«»»ttK«h©)Wllfi^j^*©riWJ»tt*** 

[0 0 10] *38W©BWtt. iS)(»fi*tt-C» K 
[0 0 11] *fc, Kifl*©«TtK«*r 

■rs. 

[0 0 12] 

[»a£«*Tafc»©^a] *KMtt, »l«^«#<!: 
3. OX 10- » cal/cm* sec • < CK±T» 0 . b*> HMW 

50 
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(3) 



7-320538 



4 



[00133 x. *%mt> ttfta&titt^fta*. 

[0014] x, #56surau #mmitmmmmt&. 
(G i »*«2.o&T©rt#**fca***&cfc*»« 

[0 0 15] MIC, S»fi**^3.0X10- ! cal 
/cm-sec- , CW±-C* 0, U#t>Jtf§****4. 

■?**. 

[0 0 16] KT, Bffil£<kO*?S§l!£l¥«lcft9JT 

*f. &««1±IC. *5BW©«ikW*^*<fc0fc* 
tfiftl 2 LT**?6 3 jWftfSnft***-;*!!* 

[0 0 17] HJIT&UffilKltt. ffii*0.5~3.0mmg 
£»7JV3=^Afttf7Jl'3X , ?A-&&. ffi. tt. 

^-J&^l&SWSSWflV^n*. 
[0 0 18] «M2tt. *«*W&i:llM«tel* 

flsa*fc«Mffl«**T?*o. j»e«*^3.oxio-»c 

al/ca-sec-t:&±TL*Pfclt«**#4.5&TT**. 
»SkJ12©J±ei***i4.5*fflA4t, MI»MEE«s 

OUTfi, 3.0X10- 3 cal/ci-sec'C*J)lT*2)i:A'7- 

: P««»ffUfcD*WW< ft*. 
[0 0 19] IMM2*»J«-r*l8»tt»lidE*K«ffl 



jg jft £ CD A* 5 >X * <h20~500 ai miflffi L 

[0 0 2 0] X, Wll 2 *»*f*«Mm«J**fc 

«ufl3n*fta**tti;t. Jt«s**©fi^4Mt-c**- 

itfJ&«T?**. i»e*Jf!^3.0X10- ! cal/ciii-sec-'C^ 

s^«**i»*?^n*. »SFttSfctt^^tts#*i-* 
x, j:n&©i«xtt2aK±*a*. Bfttrsiffli 

[0021] cnsjHMaawatTiKwtB. 

15wm£iT* J *f*UV^ 15 /im «tJB£©iI 

«tfiDfiT««4i;Bf««>WMmft#snaK i5wm 
KT-c»n«\ &*§#©»****>, a*©*&*£R« 
K«V»*iltjJ«T**. x. sm&tte^Ttt. aae 

a*U<, S*l;:ifi^ftm©fc©aWSU>. 
[0 0 2 2] MfB3flS»*i:LT«, h-BN,P-BN,c-BN,t 

-BN^v^naftfew^fflVisn***. cn&sg-oU 
30 k ^a«{tai*©igatttt, *©i*fci/Tmwb 

«(G I tt)T*3n*. GI«tt, XjRHJrfcJ:* (1 

oo) (ion (i o 2) w<D®ft®&<.v-t?mm 
.to, * (i) "rtwai/&t)OT**. 

[00 23] 
HSU] 



GI«»«10 0)«[+(1 0 1)BB»/((1 0 2)BfM) 



(1) 



[0 0 2 4] G I *©/MSWi£, IMttiWK 55£ 
T**#*LV>*«, ±5ff*L<ttl.6«"F"e»*. JMR 

^5iai«*»*4-r*. 

[0 0 2 5] MG©Sfca*». *IBt«{ka*©^ffi 

sm/fcteotfAv*. i:n&©3 , &*«i'9>fl;attT 



[0 0 2 6] 3te«l*©SES»J£li, 40volXfiU85volX 
Iff SK tt50vol*K±70volXKTT* 
40 5. Sfcffl*©fi#»&*«40vol%OTTtt> f*Stt*» 
»«^*&fi£«I©i»e* W3. 0 x 10-3cal/cn- sec -1C (Cl 
UfcV>. 85volXSi8A*i:, WIB©*ffi«ia!£ifi 

urfe, #att©***Mi#*tfiM»sft , f\ *©«ft 

ftfc#D#n©tt!B&©T, *56W©S69&SL,#ft< 
ft*. 50volXJK±70vol»aT©»"&K, »f»fiW*T, 

&£LT9m-rt> z. t*^c*a. 

[0 0 2 7] Wt*3te"3V>Ttt. « 
•&«Xim 7)l/5X^A, X7^*©*M*2«* 
50 KJi^tr^^XttmiB^JRSffiffl L1k99v 
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(4) 

5 

ffi©fc©jJ*fflV>&*l*. -€-©S*(i> 5/im*^lmmT 
:-;Wy=f, xy y*£*«$B±t;:i6b 
[0 0 2 8] 

[ffUB£J:tf*Jfiftn StT, **«fcOV>T*#»fc« 

(£16011) £*bffll*t& <«aMt#I* (ft) K, GPS- 
2) SA+-y-^?;i/>'->7if> (*2->'Ja-> (#o 

T, tfX7xy-;>FMX3jt+->Wffi(C61volX**bfc 

**aj££Jtff**ill5g£fTofc. *fc, fflBig£#l£ 
1. 5mm£#©7JP3xtf ivfiK&fc LTJ?3100/iin© 

h7>v>x*-©a*$©±#figffl££fTofc. x. a? 

08S«©*ft»«ll^**W^5fcJ&KV- ttttt©SI 
3£S*Ojlt*2(HBItT*llbfc. »&ttfci|g*£*l 

[0 0 2 9] <S!^i|*©«fc;££>J»32inmXiggl 
Omm©RSfl*©tt*lt«:fflV>, tf-77>y->a« 
*&£*#iffl!£811 («0 K rLF/TCM-FA- 

8510BJ ) (CkO. ATTl/>-^ ; 20w V, -y-^^U > 
i^W-h ; 1000m 8>. ?4h9- ; 100HzT«!£U 

[0 0 3 0] <Jtll«*©«tDMK>IIS C6481K»"3 30 
2, MfcfflSSlOOkHz. SISS«25 , Crff-3fc. 



&M¥7-3 2 0 5 3 8 

[0 0 3 1] <lfc*MS&«JBE©aiS^ft>fP«bfc^« 
^-X*K±£. X»;5 1 >^S(C±r)|iS*J20mm©R 

©ffl©ft*BJ&«E£«S#&*aiI£S§ G3S.nm.fk 

am . qm-20) -e, mfemmmookHz -em&vit. 

[0 0 3 2] <h7>^X*-±#fi«©Jtl£#ft>fc 
K^-xa*©*«f6*Xy^>^LT10xl5mm©A 

ZL<D±\Zhy>i?Z9- (T0-220, 

[0 0 3 3] <V- tft£©«l£2r8;>&«'V-XS« 

->*ft«U ^-X&JB»£/^->«£©HflKAC 
¥&2kV©*jE£EflflnLfc. jffl)£ttit«Sffijif-5fc 
»(Cl251C©?B*TTff-3/!:. «£EBUDIItt#6ftMk 

[0 0 3 4] (£)tfl2~9. ifcKWl~4) 
»tLT. mK0»«fr>£fttUE084ISfl*. ^7* 

*HC*TB***T. *Jt#|liHC*acT. #«© 

fMwmu^®Kftfttft*u 

v>t>©t>fM*ufc. Etc, MctiMmiUHfrtA^T 
m&mmL. ^mmitnmz, &mmmn&m 

ffofc. i ©us* 1 1 1> ic« i \zm. 

[003 5] 

mi] 
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(5) ftM¥7-3 2 0 5 3 8 

7 8 







IMMs/nMNt 

WW 


Moat* 






ttJM* 


m 


fm 
am 


H»W- 

s* 




No 




cm 




5ttW 


MB 
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_ 
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urn 


»olX 
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X10"' ul/WMc'C 
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kV 


Hr. 


r 




I 


Oltl-HSmttm 


won* 


1.4 


3,5 


61 




0.1 


4.2 


2.2 


>10000 


71 




2 






1.6 


3.5 


55 




7.0 


4.1 


2.2 


> 10000 


79 




3 




utax 


L4 


4.0 


SO 


mmi--j 


4.5 


10 


13 


>10OO0 


129 




1 




WtWR 


I.S 


to 


45 




3.0 


It 


14 


>10000 


145 


ft 
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l>... i UMrMuHHIS 
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1.2 


SO 
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1.1 


11 


>10000 


T4 


tt 


e 
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2.1 


45 




16.2 


4.5 


11 


>10000 


49 




7 


M7s/-tFBlft7tMl 


•flat* 


2.0 


17 


72 




16.5 


4.3 


12- 


>10000 


55 




B 


fr7>/-IFBltt>'Wlg 




IB 


HI 


81 


mm 


31.1 


4.4 


2.1 


>I0000 


40 




9 




»tn* * 






74 




25. 4 


4.5 


11 


>10000 


44 


it 


1 




tHOi* 




5.0 


70 




2.5 


3.7 


2.5 


>10000 


>I50 


2 


aaii'i/mmmtk 






14.5 


73 




6.0 


7.6 


1.2 


2100 


7S 




3 




WW* 


15 


3.5 


35 




1.3 


18 


12 


>1M00 


>150 




4 








4.9 


M 




it 


5.6 


1.7 


2900 


119 



*««««: 8W"J'J9A-1 ; 1 (WW 



[0 0 3 6] CH 13 **WO<k«^-Xia««6*JIV>fctya-- 

a sn. x> iwiij«««a<«Bii«ttc«nftiii 2. 
»*s&^^^-^*Tf-5^<t^T^&. *»^©ie 3. mnm 

[0 0 3 7] 6. mm? 

imomumii 30 1. m 

[01] 
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